background: Data on extreme obesity and placental abruption are scarce. This study aimed to determine the association between pre-pregnancy weight and placental abruption and whether pregnancy weight gain impacts this risk.
Introduction
According to the Centers for Disease Control and Prevention (CDC) (2008) , one-third of the US population is currently classified as obese.
The impact of the obesity epidemic on women of reproductive age is also substantial; one in four women of reproductive age, and over half of the women aged 20 -39 are considered overweight or obese (Cogswell et al., 2001; Flegal et al., 2002) . Researchers have also linked a number of adverse maternal and infant health outcomes related to maternal obesity (e.g. pre-eclampsia, Cesarean delivery, prematurity) (Cnattingius et al., 1998; Sebire et al., 2001; Weiss et al., 2004) .
The rising prevalence of obesity has been reported to be most pronounced among individuals that are extremely obese (also known as Class 3 obesity) (Cnattingius et al., 1998; Sebire et al., 2001; Weiss et al., 2004) . While overweight and obesity have received considerable attention in the literature with regard to birth outcomes, information on birth outcomes among extremely obese individuals or by class of obesity severity is limited (Cedergren, 2004; Salihu et al., 2007) . However, severity of obesity may be an important considerationparticularly as our previous research has demonstrated a doseresponse relationship between severity of obesity and one adverse pregnancy outcome, stillbirth (Salihu et al., 2007) . This demonstrates that substantial and important information is missed when obesity is examined as a homogeneous entity.
Placental abruption, defined as the premature separation of the placenta, is an important birth outcome that is associated with high maternal and infant morbidity and mortality (Naeye et al., 1977; Karegard and Gennser, 1986; Raymond and Mills, 1993; Ananth et al., 2001; Oyelese and Ananth, 2006) . The etiology of placental abruption is still relatively unknown, but could be multifactorial (Ananth et al., 2001) . Several risk factors have been proposed and include maternal smoking, cocaine and drug use, multiple gestations, advanced maternal age, multiparity, chronic hypertension, pre-eclampsia, anemia, gestational diabetes, premature rupture of the membranes, oligohydraminios, intrauterine infection, polyhydraminios and chorioamnionitis (Ananth et al., 1996 (Ananth et al., , 1999 (Ananth et al., , 2001 Yeo et al., 2004; Oyelese and Ananth, 2006) . Researchers have also suggested that dietary or nutritional deficiency may increase the risk for placental abruption (Naeye et al., 1977; Christian, 2003; Pathak and Kapil, 2004; Oyelese and Ananth, 2006) . Placental dysfunction, which includes abruption or infarction of the placenta, has been observed among women with metabolic syndrome (obesity, chronic hypertension, diabetes mellitus and/or dyslipidemia) (Ray et al., 2005) . Several of the proposed risk factors for placental abruption (e.g. hypertensive disorders, gestational diabetes) are more prevalent among obese women (Cnattingius and Lambe, 2002; Callaway et al., 2006; Dixit and Girling, 2008) . Despite this possible linkage, specific information on the association between obesity and placental abruption has remained severely limited. Further, the effect of extreme obesity and gestational weight gain on the onset of placental abruption has not been previously reported in the literature.
To address this deficit, this study aims to estimate the risk for placental abruption across maternal obesity subtypes based on severity. Accordingly, we developed the following specific objectives:
(1) To determine if there is an association between high maternal body mass index (BMI) and placental abruption among singleton gestations. (2) To assess if there is a dose-dependent relationship between high maternal BMI and placental abruption. In other words, does the risk for placental abruption increase as maternal BMI rises? (3) To determine if weight gain during pregnancy has an impact on the risk for placental abruption across maternal obesity categories.
Materials and Methods
For the purpose of this study, we utilized the Missouri maternally linked cohort data files for data years 1989 -1997 (inclusive) . The vital record system of Missouri is considered to be highly reliable, and has been described as the 'gold standard' in validation studies of other US national datasets that involve linking and matching procedures (Martin et al., 2003) . We restricted our analyses to singleton live births within the range of 20 -44 weeks of gestational. Maternal height and pre-pregnancy weight as recorded at the first prenatal visit were used to calculate and classify pre-pregnancy BMI [weight (in kilograms) divided by height (in m 2 )] (Herman and Yu, 1997) . Pre-pregnancy weight was self-reported at the first prenatal care visit, which occurred for 84% women during the first trimester and 13% during the second trimester, regardless of obesity status. In accordance with previous literature (NHLBI Obesity Education Initiative, 1998; McTigue et al., 2006) women were assigned to one of four BMI categories: normal BMI (18.5 -24.9), Class 1 obesity (30.0 -34.9), Class 2 obesity (35.0 -39.9) and morbid/extreme or Class 3 obesity (40). In order to evaluate the impact of gestational weight gain on the occurrence of placental abruption, we used rate of weight gain during pregnancy defined as weight gained in kilograms (kg) divided by the gestational age in weeks. Weight gain was determined by taking the difference between maternal weight at delivery (measured) and self-reported pre-pregnancy weight from the first prenatal care visit. We categorized the average rate of gestational weight gain into three groups across the BMI classes: 0.22 kg/week (low), 0.23 -0.68 kg/week (moderate), 0.69 kg/week (high) (Dietz et al., 2006) . For analyses across BMI subtypes regardless of pregnancy weight gain, we adopted normal weight mothers as referent. Sub-analyses on the impact of weight gain during pregnancy on the risk of placental abruption across classes of obesity utilized mothers with normal pre-pregnancy BMI and moderate weight gain during pregnancy as referent.
Our main outcome of interest, placental abruption, was defined as the complete or partial separation of the placenta before delivery. We did not have information on the severity of the condition, thus it is not included in the analyses. If abruption occurred in the course of a pregnancy, it was recorded on the Missouri birth certificate using a check-box format. Gestational age was calculated for the majority of the study population (95%) as the interval between the date of the last menstrual period (DLM) and the date of delivery. In those relatively rare situations where gestational age based upon menstrual estimates was inconsistent with the recorded birthweight at delivery (e.g. very low birthweight for a term singleton gestation), the clinical estimate of gestational age recorded in vital records was used instead (Alexander and Kotelchuck, 1996) . Researchers have previously assessed the accuracy of using gestational age as recorded on birth certificates (Piper et al., 1993) . The validation study conducted by Piper et al. assessed the agreement between the DLM reported among cases (very low birthweight infants or neonatal deaths) and those who had been randomly selected from a non-case population. Overall, they reported a very good agreement (84.2%) with medical records (Piper et al., 1993) . For example, clinical estimates of gestational age were 79.0% concordant for cases, and 94% among controls. This is consistent with +2 week variation in DLM (Wingate et al., 2007) . Therefore, we feel confident that our methodology for estimating gestational age in this study is reasonably valid.
The baseline distributions of selected socio-demographic characteristics of obese and normal weight women were compared. The maternal sociodemographic characteristics included: maternal age, parity, race, education, marital status, smoking habits and adequacy of prenatal care. The adequacy of prenatal care was assessed using the revised graduated index algorithm, which has been found to be very accurate, particularly among populations considered to be high risk (Zeger and Liang, 1986;  Extreme obesity and risk of placental abruption Alexander and Cornely, 1987) . The revised graduated index algorithm measures the adequacy of prenatal care based on: (i) the trimester of prenatal care initiation, (ii) number of prenatal care visits and finally (iii) the gestational age of the infant at birth. In order for a pregnancy to be classified in this study as having inadequate utilization of prenatal care, one of the following situations had to occur: the woman was missing prenatal care information, had a suboptimal level of prenatal care, or no prenatal care was obtained. Crude frequency comparisons between obese and normal weight women were performed for the presence of common obstetric complications, namely, anemia, insulin-dependent diabetes mellitus, other types of diabetes mellitus, chronic hypertension, pre-eclampsia and eclampsia.
We also conducted a sub-analysis to determine the potential contribution of preterm birth (birth before 37 completed weeks of gestational age) and small for gestational age (SGA) on the relationship between BMI status and placental abruption. We defined SGA as ,10% percentile of birthweight for gestational age using the population-based reference growth curves for singleton gestations established by Alexander et al. (1998) .
Chi-square tests were conducted to assess potential differences in socio-demographic characteristics and adverse pregnancy outcomes by BMI status (obese/normal weight). Generalized estimating equations for logistic regression were used to generate adjusted odds ratios and corresponding 95% confidence intervals. Several potential confounders and covariates were included in logistic regression models based on the literature and biologic plausibility: maternal age, maternal education, marital status, maternal race, prenatal smoking, adequacy of prenatal care, infant gender and year of birth .
All hypothesis tests were two-tailed and the type 1 error rate was fixed at 0.05. Analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA). This study was approved by the Institutional Review Board at the University of South Florida.
Results
A total of 691 046 singleton births from data years 1989 to 1997 were available for our analysis. For this study, pregnancies before 20 weeks or after 44 weeks of gestation (32 126 or 4.6%) and records for which BMI could not be computed either because of missing or implausible values (n ¼ 18 417) were excluded. Finally, we categorized the study population as either obese (n ¼ 80 716) or normal weight (n ¼ 381 013; the referent group) which resulted in 461 729 singleton records.
The socio-demographic characteristics and prevalence of common obstetric complications of obese and normal weight women are presented in Table I . Overall, we found that obese mothers were more likely to be older, black, multiparous, educated and to have received adequate prenatal care than normal weight gravidas. On the other hand, normal weight gravidas were more likely to be white, married and to smoke during pregnancy. Obese mothers were more likely to be diabetic (insulin-dependent/other forms of diabetes), suffer from chronic hypertension, and experience pre-eclampsia and eclampsia during pregnancy. Normal weight gravidas had a higher frequency of anemia and placenta abruption.
Overall, 3612 cases of placental abruption were registered among normal weight and obese women during the entire study period. Although underweight and overweight women were excluded from analyses, placental abruption rates by BMI status are summarized in Figure 1 . The rates of placental abruption decreased with increasing Missouri, 1989 Missouri, -1997 significantly lower among obese mothers (6.8 per 1000; P , 0.01).
The 546 cases of placental abruption among obese mothers comprised 338 among mothers with Class 1 obesity (placental abruption rate of 7.0 per 1000), 136 among mothers with Class 2 obesity (placental abruption rate of 6.7 per 1000), and 72 among mothers with extreme (Class 3) obesity (placental abruption rate of 6.1 per 1000). The rates of non-insulin-dependent diabetes, pre-eclampsia and chronic hypertension were higher among obese women experiencing placental abruption than their normal weight counterparts (Table II) . Women with placental abruption had similar rates of anemia, preterm birth, placental previa and SGA regardless of whether they were normal weight or obese. Crude analyses showed a decreased risk of placental abruption in obese women as compared with normal weight women (OR ¼ 0.84, 95% CI 0.77, 0.92). Adjusted estimates for the association between obesity severity and the risk of placental abruption are presented in Table III . Model 1 provides adjusted odds ratio after controlling for maternal age, parity, race, smoking, education, marital status, adequacy of prenatal care, gender of the infant and year of birth. In Model 2, pregnancy complications were included in addition to the confounders of Model 1. Model 3 included all the confounders of Model 2 with the addition of preterm birth (,37weeks) while in Model 4, we replaced preterm birth (,37weeks) with SGA. Model 1 showed that obese mothers had a 20% reduced likelihood for placental abruption. However, the levels of risk did not vary with the severity of obesity (P ¼ 0.3). Similar findings were obtained after adjusting for pregnancy complications in Model 2. The addition of preterm birth (Model 3) or SGA (Model 4) did not have a significant effect on the association between gradation of obesity and placental abruption. In order to ensure that adjusting for preterm birth (Model 3) and SGA (Model 4) adequately controlled for the possibility that pregnancies among obese women tend to be shorter than those of normal weight women, we also ran a fifth model that included gestational age as a continuous variable; however, this did not change the risk estimates.
The amount of weight gain during pregnancy could impact pregnancy outcome independent of pre-pregnancy BMI. Therefore, we examined the data for the association between placental abruption across BMI categories stratified by maternal weight gain during pregnancy (Table IV) . The majority of normal weight women had moderate weight gain (88.6%), followed by low weight gain (8.7%), and high weight gain (2.7%). Among obese women, 60.6% of women had moderate weight gain, 36.9% had low weight gain, and 2.5% had high weight gain. The greatest risk for placental abruption was observed among normal weight women with low weight gain during pregnancy (OR ¼ 1.8, 95% CI 1.5, 2.2). Risk reduction for placental abruption was noted among obese women with moderate or low weight gain during pregnancy. When the risk of placental abruption among obese women with low weight gain during pregnancy was examined by class of obesity, there was a decreased, but statistically nonsignificant, risk among women with Classes 2 and 3 obesity. Among Extreme obesity and risk of placental abruption women with moderate weight gain, the reduction in risk for placental abruption occurred in a dose-effect pattern, becoming more pronounced with increasing severity of obesity (P , 0.01).
Discussion
The obese mothers in our analysis were significantly more likely to be diabetic, to suffer from chronic hypertension, and experience preeclampsia or eclampsia during their pregnancy than normal weight mothers. These observations are consistent with the available literature on the risk for obstetric complications among obese women (Ray et al., 2005; Callaway et al., 2006; Dixit and Girling, 2008) . Normal weight mothers were significantly more likely to experience placental abruption and anemia. Interestingly, while factors such as diabetes, chronic hypertension and pre-eclampsia have been previously identified as risk factors for abruption, we did not observe that obese mothers had an increased risk for abruption in adjusted or unadjusted analyses. In fact, the adjusted risk of placental abruption among obese women was significantly lower than that among normal weight women and did not vary by severity of obesity. In order to ensure that the risk of placental abruption was not masked by the risk of delivery due to other pregnancy complications related to obesity, we replicated the analyses shown in Table III , but excluded women with any other pregnancy complications. The results were unchanged (data not shown). These findings suggest that some aspect of obesity may negate the risk for placental abruption. One possible explanation for this observation is the potential connection between nutrition and placental abruption. Researchers have linked vitamin and mineral deficiencies with abruption (Christian, 2003; Pathak and Kapil, 2004; Nilsen et al., 2008) . Fawzi et al. (2007) conducted a study of vitamins and perinatal outcomes, which suggested that multivitamins (micronutrients) may lead to improved birth outcomes by enhancing immunity during pregnancy, thus decreasing the risk of intrauterine infections. This hypothesis may be particularly important for placental abruption, as intrauterine infections and inflammation have been identified as one of the mechanisms for placental abruption Oyelese and Ananth, 2006; Nath et al., 2007) . Previous authors have also noted that the risk of placental abruption is elevated in underweight women, a situation that may be explained by inadequate energy intake and vitamin and mineral deficiencies (Williams et al., 1991; Hung et al., 2007) . Since obese women consume adequate or more than adequate energy, one can imagine two situations that could occur among obese women: (i) a high energy intake that correlates with a normal to high intake of vitamins and minerals and (ii) a high energy, nutrient-poor diet that results in a lack of vitamins and minerals. Data from the National Health and Nutrition Examination Survey III demonstrate that elevated BMI is associated with low micronutrient levels, including folate, vitamin D, vitamin E and others (Kimmons et al., 2006) . If obese women, like underweight women, do not have adequate nutrient intake, then we would have expected to see an increased risk of placental abruption, not a decreased risk. Although we controlled for prenatal care adequacy (a factor that likely impacts vitamin use), residual confounding could still exist as this study did not have information on diet or vitamin use during pregnancy, and these factors may obscure the relationship between obesity and placental abruption. It is possible that alterations in metabolic pathways in the obese state, which have been demonstrated, compensate for a relative under consumption of micronutrients (Olusi, 2002; Kimmons et al., 2006) . More studies are needed to evaluate this in relation to placental abruption.
Studies have also shown that weight gain during pregnancy can impact birth outcomes independent of pre-pregnancy BMI (Kieffer et al., 2006; Voldner et al., 2008) . For this reason, the potential impact of weight gain during pregnancy, overall and by severity of obesity, was assessed. Normal weight women with very low (,0.12 kg/week) and low (0.12-0.22 kg/week) weight gain during pregnancy were at an increased risk for abruption when compared with normal weight women reporting moderate weight gain (0.23-0.68 kg/week). This is in agreement with previous research that identified low weight gain during pregnancy as a risk factor for placental abruption (Naeye et al., 1977; Sanchez et al., 2006) . We observed that obesity overall was associated with a decreased risk of placental abruption in the low and moderate weight gain categories, but each subclass of obesity was only associated with reduced risk of placental abruption when there were moderate levels of weight gain during pregnancy (0.23-0.68 kg/week).
The women in the Missouri cohort data file were followed for a relatively long period of time (9 years). This is an important limitation to note, as aggregating different cohorts of infants together for analyses may increase the opportunity for bias. During this long period of follow-up, obstetric practices probably changed as new knowledge and technologies were introduced. This might have had an impact on our findings. In order to reduce this potential source of bias, we controlled in our analyses for year of birth when calculating adjusted odds ratios. One major strength of our study is that the data are populationbased, and thus results are less likely to be impacted by selection biases, and are more likely to be generalizable. Perhaps the greatest strength of this study is the focus on severity of obesity, and the impact of gestational weight gain on placental abruption. After a thorough literature review, we found information on the impact of obesity on placental abruption to be severely limited. We found only one paper that examined abruption in terms of obesity and morbid obesity. Weiss et al. (2004) reported that obesity and morbid obesity was not associated with abruption, but did not go further and examine potential relationships by gestational weight gain. This is important, as we observed that for obese women who achieved moderate levels of weight gain, there was a significant reduction in the risk for placental abruption.
The results of our study are novel-researchers have not examined the potential impact of severe obesity and gestational weight gain on placental abruption. Our results suggest that obesity may decrease the risk of abruption-particularly for women who maintain a moderate level of weight gain during pregnancy (0.23-0.68 kg/week). These observations may conflict with the hypothesis that placental abruption may be caused by a poor micronutrient intake as previous studies suggest that obese women do not have adequate levels of micronutrients, although altered metabolic pathways are still possible (Kimmons et al., 2006) . The mechanism by which obesity reduces the likelihood of placental abruption requires further research.
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